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ABSTRACT

Background: Appetite lowering characteristics of dairy have
attracted scientists to look forits effect on energy intake particularly
among children. In the present study, we tried to assess the effect
of low-fat milk on total and short-term energy intake among obese

boys in a randomized three-way cross-over clinical trial.

Methods: A total of 34 obese 10-12-year-old boys were randomized
to consume three beverages (low-fat milk, apple juice, or water)
with a fixed energy breakfast for two consecutive days, 1 week
apart. Ad libitum lunch was provided for subjects 5 h later. The
energy intake from breakfast till lunch and total energy intake on
intervention days, and 2 days after intervention were compared.
Generalized linear model repeated measures procedure in which

test beverages were considered as repeated factors.

Results: Energy intake from breakfast till lunch was lower when
low-fat milk consumption was included in the breakfast compared
with water and apple juice (adjusted mean * standard error: Low-fat
milk = 1484.33 £ 15.30 Kcal, apple juice = 1543.39 £ 20.70 Kcal,
water = 1606.6 £ 19.94 Kcal; P < 0.05). The energy intake on a
day before interventions, total energy intake on intervention days,
and 2 days after intervention was not statistically different between
intervention periods (P > 0.05).

Conclusions: One serving of low-fat milk might affect the energy
intake in a short-term period. The possible effect of frequent
consumption of dairy products on long-term energy intake among

children is needed to be examined.
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INTRODUCTION

Today, obesity is becoming an epidemic among children.!!
Accordingtothelatestreportby WHO, the prevalence of childhood
obesity is estimated to be about 43 million, worldwide.? Kelishadi
etal. showed that obesity is affecting 8.8% of Iranian childrenbased
on the criteria explained by Center for Disease Control (CDC)."!
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Management of childhood obesity has become very
important for health care providers because new
researches have revealed its connections with
several chronic conditions including metabolic
syndrome, cardiovascular disease, type 2 diabetes,
and nonalcoholic fatty liver disease.!*!

Extra energy intake and sedentary lifestyle
are two well-known determinants of childhood
obesity.’! Increasing the sense of satiety among
children has been targeted by many researchers
to reduce the total energy intake and in turn
to control their weight gain.l¥! Dietary factors,
including nutrients (calcium and vitamin D), food
groups (such as whole grains and dairy products)
and glycemic index and load are widely studied
for their effects on the total energy intake.[”
Dairy is one of the food groups with a high level
of protein and calcium content that is widely
studied for its possible role on controlling obesity,
body fat and waist circumstance.®! The effect of
dairy consumption on the energy intake in the
subsequent meal is mostly examined among the
adult population, but the reports of these studies
were contradictory;*!?! however, studies have led
to more inconsistent results when taking the total
energy intake into consideration. For instance,
Almiron-Roig and Drewnowski comparing the
effects of orange juice, low-fat milk (1%), regular
cola, and carbonated water consumption on the
short-term energy intake reported that energy
containing preload decreased hunger and increased
fullness compared with water but energy intake at
next meal was not significantly different between
all four beverages. They also showed that the total
energy intake in participants who consumed orange
juice, low-fat milk (1%), and regular cola was higher
than subjects who consumed water.!'¥ Soenen and
Westerterp-Plantenga when assessed the effect of
sucrose, high-fructose corn syrup (HFCS), milk
and diet drink (orange flavored custom-made
beverages) consumption on satiety and energy
intake of ad libitum meal, found that although
energy intake of test meal was significantly lower
after intake of energy containing beverages in
comparison with diet drink but the total energy
intake (energy intake from preload plus energy
intake of test meal) was higher after intake of
sucrose, HFCS and milk compared with the diet
preload.'¥ Tsuchiya et al. showed that when
subjects consumed fruit drink, dairy fruit drink,

liquid yogurt and semi-solid yogurt as the snack,
the total energy intake (breakfast, snack, test meal)
was not significantly different.''! We are aware of
the only study trying to assess the effect of dairy
intake compared to isoenergetic drinks including
glucose beverage and a half milk/glucose beverage
on appetite and short-term energy intake.l'”
Brindal er al. showed that the three iso-energetic
beverages had same effects on appetite and the
energy intake 3 h after the ingestion of preloads
among 10-12 years children. To the best of our
knowledge, no study has examined the effect of
dairy intake on the total daily energy intake among
children; therefore, the present study was designed
to assess the effect of consuming 240 ml low-fat
milk in breakfast compared with 240 ml of apple
juice (with the same volume and energy) and
240 ml of water on the total daily energy intake in
the context of a randomized three-way cross-over
clinical trial.

METHODS

Study design and participants

Participants were recruited from an elementary
school located in the 4® educational district of
Isfahan, Iran. A total of 43 obese 10-12-year-old
boys were enrolled to study and 34 children were
eligible to enter the study. Eligibility criteria for
entering to study were included: Having a body
mass index (BMI) above the 95 percentile based
on WHO BMI-for-age charts, not having dietary
history of being on diet during or not intending
to go on diet during study period, not having any
intolerance to cow’s milk; not having any history of
congenital or metabolic diseases using information
from parents and regularly consume breakfast.
Subjects were excluded if they refused to participate
in a study at least in two of the intervention periods.
Parents were asked to fill an informed consent
before the start of the study. Height and weight were
measured before intervention days. Characteristics
of participants in this study were shown in Table 1.
The study protocol was registered in the Iranian
Registry of Clinical Trials (registration no.:
IRCT2013022312571N1).

This was a three-way repeated measurement
randomized, controlled cross-over trial in which
each individual served as his own control.
Participants were randomly assigned into 6 rolling
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methods to receive one of the three iso-volumic
drinks (low-fat milk [1.5% fat], apple juice, water)
along with a fixed energy breakfast. Intervention
periods lasted for 2 consecutive days, and there
were 7 days wash-out period between interventions.
On the intervention days, boys attended to school,
while they were in fasted state at 7 a.m. Subjects
were given breakfast meal that was included 65 g
of an Iranian whole-wheat bread (called sangak),
15 g of low-fat cheese and 12 g of walnut with one
of the three test beverages: Low fat milk, apple
juice or water. Subjects completely ingested their
breakfast till 7:30 a.m. The energy and nutrient
profile of breakfast meals be represented in Table 2.
After breakfast, the boys were prohibited to eat and
drink anything until lunchtime except water and
a small portion of the fruit (apple) that contained
approximately 10 gr of carbohydrates. Lunch meal
was provided 5 h after breakfast at 12:30 p.m. that
wasthe same list between three groups. An ad libitum
lunch was provided for subjects that consisted of
rice, chicken, boiled potato, yogurt, cola beverage,
pasta, tomato sauce and botteled water for the first
days of the intervention periods and rice, chicken,
potato, roast ground, yogurt, botteled water and
colla beverage for all second intervention days.
Subjects were allowed to freely select their food.
Lunch was served in the school hall. Subjects were
asked to continue to eat until they felt absolutely

Table 1: Characteristics of study subjects

Variable Mean+SD? Range
Age (years) 11.14+0.8 2.20
Weight (kg) 58.9248.1 35.5
Height (m) 145. 89+7.9 30.30
BMI 27.62+2.7 12.01

2Values are mean+SD. SD=Standard deviation,
BMI=Body mass index

Table 2: Nutrient profile of the intervention preloads along
with the fixed content breakfast

Nutrients Low-fat milk Apple juice Water
Energy (Kcal) 401.24 411.44 297.74
Protein (g) 19.08 11.276 10.931
Fat (g) 15.407 13.022 12.779
Carbohydrates (g) 49.055 65.195 37.185
Fiber (g) 0.458 1.016 0.458
Glycemic index 40.17 42.5 4438
Glycemic load 19.70 27.70 16.50
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full. The boys were given 30 min to eat their lunch.
The foods that were given to boys were weighed
before serving and after they finishing their lunch.

Procedures and variables assessment
Anthropometric measurements

A wall-mounted stadiometer was used to
measure the height, and weight was assessed using a
digital scale, whereas subjects are wearing minimal
clothing. BMI was computed as weight (kg) divided
by the square of height (m?). Anthropometric
measurements were performed three times for each
person and value that was shown at least twice for
each subject was recorded.
Assessment of energy intake and physical activity

Subjects were asked to maintain their physical
activity and usual diet during the study period.
To check this, parents were asked to record
their children’s physical activity 1 day before the
intervention, during the intervention days and 1 day
after the intervention. Physical activity information
was converted to metabolic equivalent-hour/day.
The dietary intakes consumed by participants
on intervention days from breakfast till lunch
was measured by weighted dietary record done
by a trained nutritionist. Parents were also
asked to complete a food record 2 days before
intervention, during the intervention, and 2 days
after intervention days. Dietary intakes were
converted to grams and then converted to energy
using nutritionist I'V software (version 3.5.2, Axxya
Systems, Redmond , Washington, USA).

Statistical analysis

Randomizedallocationof participantsintorolling
methods and all statistical analysis were performed
using IBM SPSS software, version 20 (IBM SPSS,
Tokyo, Japan). Descriptive statistics is represented
as means t standard deviations (SDs), otherwise
stated. The normal distribution of all continuous
variables was checked using Kolmogorov—Smirnov
test. Mean energy intakes (1) from breakfast till
lunch (breakfast, morning snack, and lunch); (2) on
whole intervention days (3) until two days after
intervention and (4) two days before intervention
days. Were compared among test beverages using
generalized linear model repeated measures
procedure in which test beverages and testing
occasions were considered as repeated factors.
Participants’ age, BMI, and rolling program as
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between subjects’ variables and physical activity
and total energy intake, as within subject variables
were adjusted in all models. P < 0.05 were
considered as statistically significant.

RESULTS

All of the 34 participants who had inclusion
criteria and enrolled to study, completed the
three periods of interventions. Mean + SD of
participant’s age was 11.14 + 0.8 years. Their
mean weight, height, and BMI were 58.9 £ 8.1 kg,
145.9+7.9cm, and 27.62 + 2.7 kg/m?, respectively.

Energy intakes were normally distributed.
Figure 1 depicts the participants’ age, BMI, rolling
program, physical activity and total energy intake
adjusted mean * standard error energy intake from
breakfast till lunch based on test beverages. Energy
intake was 122.25 * 15.91 Kcal lower when
subjects consumed low-fat milk in comparison
with the days that they consumed water at
breakfast (P < 0.001). Low-fat milk also led to
59.06 = 18.28 Kcal lower energy intake compared
with apple juice (P = 0.01).

Total adjusted energy intake on the day
before intervention, intervention days, the day
after intervention and 2 days after intervention

2000
1800
1600
1400
1200
1000
800
600 -
400 +
200 -+

LFM AJ w

Figure 1: Age, BMI, rolling program, physical activity and
total energy intake adjusted Mean £SD of energy intake
from breakfast till lunch based on test meals

were not significantly different between test
beverages (P > 0.05). Details are represented in
Table 3.

DISCUSSION

The present three-way cross-over trial among
10-12 years old boys showed that intake of low-fat
milk in breakfast lead to decrease energy intake
from breakfast till lunch in comparison with apple
juice and water. However, total whole day energy
intake was not significantly different between the
three interventions. In contrast with this study,
Soenen and Westerterp-Plantenga showed that
the intake of energy containing preload including
milk, sucrose, HFCS lead to increased total energy
intake from time that subjects consumed the
beverages till they consumed ad libitum test meal
in comparison with diet preload.!' Also, Dougkas
et al. demonstrated that although the dairy snacks
lead to decrease energy intake at next meal in
comparison with water, however, when the energy
of dairy snacks and water were added to the energy
of next meal that subjects consumed, the total
energy intake (snack plus next meal) in dairy groups
was higher than in water group.'®! DellaValle ez al.
found that when test meal was served as a caloric
beverages including regular cola, juice and milk or
noncaloric beverages including water and diet cola
or without any beverages, energy intake from test
meal was not significantly different but when the
energy from beverages was added to the energy
that consumed from next meal the energy intake
was higher for caloric beverages than noncaloric
beverages.!'” Tsuchiya et al. showed that when
subjects consumed fruit drink, dairy fruit drink,
liquid yogurt and semi-solid yogurt as the snack,
the energy intake at next meal was not significantly
different. The situation did not change when the
energy intake from breakfast, snack and test meal
was added.!'!

Table 3: Adjusted energy intake (Kcal) based on intervention periods®

Total energy (Kcal) intake Low-fat milk Apple juice Water P

The days before intervention 2962.88+49.2° 2973.43+46 2932.87+51.01 0.77
The intervention days 2884.35+£33.52 2892.48+27.34 3165.82+249.14 0.913
The day after intervention 2988.28+55.58 2943.51+43.66 2926.96+48.82 0.484
Two days after intervention 2912.39+56.7 2937.05+46.15 2912.33+48.58 0.170

~ = e
*Adjusted for age, BMI, rolling program, physical activity, and total energy intake. *Values are means+SEs. SEs=Standard

errors, BMI=Body mass index. P<0.05 were considered as statically significant
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Studies showed that dairy can affect the energy
intake through its protein content. Diets with
higher content of protein can increase diet-induced
thermogenesis (DIT) than the carbohydrate or
fat;!'8 because the high amount of ATP is needed
to synthesize protein.?” Studies have shown
that diets which produced higher DIT lead to
reduced satiety compared with diets with lower
DIT.2U Also, studies found that whey protein lead
to increased DIT compared with casein,?? on the
other hand Hursel et al. concluded that casein has
higher satiating properties than whey protein.?!
Furthermore, it is proposed that the intake of casein
lead to increased lipid oxidation compared to whey
protein when supplied in small amounts.?

Protein might also stimulate the secretion of
gastrointestinal (GI) hormones with have satiating
properties and reduce the rate of gastric emptying
such as cholecystokinin (CCK), glucagon-like
peptide-1. The level of this hormone in circulatory
system affects the intake of the next meal.?>2]
Dairy is one of the high protein dietary group that
consisted of 80% casein and 20% whey protein
that is high in branched chain amino acids and it is
associated with stimulation of CCK secretion and
induced satiety. It also affects the motility of GI
tract and reduced the rate of gastric emptying.??”-*"

Whey and isoleucine that are highly found
in milk lead to down regulate expression
of genes that play a role in lipogenesis like
acetyl-coenzyme A (acetyl-COA) carboxylase,
cholesterol absorption and synthesis like
3-hydroxy-3-methyl-glutaryl-COA redoctase;
therefore, dairy product could be involved in
controlling energy intake thorough these pathways.
B The other component of dairy that might help
in controlling the energy intake is calcium. The
mechanisms to justify the effects of calcium intake
on satiety and energy intake are not fully cleared,
but studies reported that presence of calcium
represents availability of energy for the body.’? A
recent study showed that high calcium diet lead
to increasing peptide YY (PYY) concentration
that it may contribute to increasing sense of
satiety.®® Investigation was showed that PYY
regulate a region in the brain that is contribute to
behavior of appetite in human, so it can reduce
food intake.** Some studies showed that calcium
intake can lead to weight loss through a decreased
lipogenesis, increased lipolysis and fat oxidation*!
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but few study assessed the effect of calcium intake
on regulating of appetite. It is also proposed that
medium chain triglycerides in dairy products
affect the DIT and lead to decrease energy intake
and satiety.®

The present study has some limitations. One
of them is that all of the participants were taking
their breakfast together and were not blinded about
the beverages. Participants may have changed
their habitual diet because they were aware that
the food intake of them during the whole day
was recorded by their parents. Only obese boys
were included in the present study. Therefore the
generalization of our results to children must be
done with caution.

CONCLUSIONS

Including one serving of low-fat milk in
the breakfast of obese boys might affect their
short-term energy intake in their subsequent meal;
however, this effect might not remain for the whole
day. Studies with longer intervention periods which
include more dairy in the child’s diet through the
day are highly recommended.
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